EuropSlsch s Patentamt 
European Patent Offic 
Offic europeen des brevets 



iniiiniiiiii 

0 Publication number 0 473 082 A2 



® 



0 Application number: 91114204.0 
(§) Date of filing: 24.oa91 



EUROPEAN PATENT APPLICATION 

® intciAGOIS 13/18, G01S 7/40 



(§) Priority: 28.0a90 US 573988 


@ Inventor: Hagar, James R. 


20.05.91 US 702403 


6925 - 38th Avenue North 


@ Date of publtcatton of application: 


Crystal MN 55427(US) 


04.03.92 Bulletin 92/10 




@ Designated Contracting States: 


® Representative: Herzbach, Dieter et al 


DE FR GB IT 


Honeywell Europe S.A. Holding KG Patent- 


0 Applicant: HONEYWELL INC. 


und LIzenzabteilung Kalserlelstrasse 39 


Honeywell Plaza 


Postfach 10 08 65 


Minneapolis Minnesota 55408(US) 


W-6050 Offenbach am Main(DE) 



CM 
00 

CO 



0. 
LU 



@ Radar altimeter. 

@ A radar altimeter (10) Incorporates circuitry for 
automatically adjusting altitude readings for vari- 
ations caused by altitude and temperature changes. 
Normal target tracking (32,20.15) of the radar is 
intermittently interrupted and a calibration sequence 
Is Interjected. The current altitude and receiver AGO 
information at the time of each interruption is tem- 
porarily stored (56.101) and a test is Initiated in 
which a pseudo radar return at that altitude is intro- 
duced to the receiver (28). The receiver operates on 



the pseudo return as it would on an actual return. 
The transmit power is adjusted automatically for the 
correct signal level at the tracker. The resultant 
altitude measured for the pseudo return is compared 
to a known test altitude and any difference is stored 
(52) away as a correction factor to be applied to the 
altitude reading which had been stored at the time 
that its operation had been interrupted to perform 
the calibration test. 
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BACKGROUND OF THE INVENTION 

I. Field of the Invention: This invention relates 
generally to aircraft instrumentation for indicating 
the altitude of an aircraft relative to the earth's 
surface and more particularly to a radar altimeter 
which includes apparatus for calibrating the Instru- 
ment so as to maintain altitude accuracy under 
varying operating conditions. 

II. Discussion of the Prior Art: A typical prior art 
aircraft radar altimeter comprises a transmitter 
which Is periodically triggered to generate a pulse 
of electromagnetic energy which is radiated from a 
transmitting antenna and a receiver, operatively 
coupled to a receiving antenna, for receiving an 

cho or return pulse from a target (ground). In- 
cluded in the receiver is a closed-loop servo track- 
er which functions to position a range gate at the 
leading edge of the return pulse. Further means 
are provided for measuring the time interval be- 
tween the transmitted pulse and the range gate, 
this interval being a measure of the distance to the 
target. 

It is known that such things as temperature 
variations, return signal strength and range gate 
width can affect the accuracy of the radar altimeter. 
Specifically, temperature variations can impact the 
accuracy of the radar delay timing circuitry as well 
as various threshold references used in the closed- 
loop servo tracker. Variations in the signal strength 
of the return signal and the resultant signal-to-noise 
variance are known to affect the point on the lead- 
ing edge of the return signal at which the closed 
loop tracker positions the range gate. 

In the past as taught in the US-A- 3.554.996. 
these variances have been corrected by providing 
a test signal at a fixed delay and a fixed amplitude 
to represent ground return. The altimeter then pro- 
cesses the simulated return and the resulting al- 
titude is compared with the fixed delay to derive 
the error magnitude. The resulting error is then 
used to correct the altitude at all altitudes in this 
group of altitudes. These closed loop systems are 
only slightly more accurate than earWer open-loop 
compensated systems because the test signal is 
set at discrete fixed range delays, not at the actual 
aircraft altitude, and the test signal amplitude is 
also set to a pre-determined fixed level at these 
test altitudes, not at the actual ground return am- 
plitude. When it is considered that it Is most essen- 
tial to safe flying that indicated attitudes be highly 
accurate at lower flying altitudes, these prior art 
systems are deficient. 

In order to compensate for errors in the altim- 
eter altitude time delay reference, the simulated 
target must be placed at the present altitude. Fur- 
ther, in order to compensate for altimeter gate 
overlap errors on the ground return, the signal 



strength of th simulated target must correspond to 
the ground return amplitude, which can vary as 
much as 50 dB or 100,000 to 1. 

It is accordingly a principal object of the 

5 present invention to provide an automatic, closed- 
loop, self-calibration system for appropriately cor- 
recting indicated radar target range with particular 
application to radar altimeter designs requiring high 
accuracy and to thereby eliminate the need for 

10 manual calibration to compensate for extreme vari- 
ations in temperature and return signal strength. 
This object is achieved by the characterizing fea- 
tures of claim 1. Further advantageous embodi- 
ments of the inventive radar altimeter may be taken 

15 from the dependent claims. 

SUMMARY OF THE INVENTION 

The above described object is attained in ac- 

20 cordance with the present invention by incorporat- 
ing into the radar altimeter, hardware and software 
for intermittently injecting very short duration self- 
calibration sequences into the normal target track- 
ing mode of operation. The present altitude of the 

25 aircraft and the present receiver AGO level at the 
time of interruption is stored and a test is initiated 
in which a simulated or pseudo radar return at the 
present altitude at which the aircraft is flying and at 
the same amplitude as the present ground return is 

30 introduced to the receiver. The receiver operates 
on this pseudo return in the same fashion that it 
operates on an actual returr^, i.e., the control track- 
er servo-loop forces the range gate to track the 
leading edge of the pseudo return and the receiver 

35 gain is maintained by holding the automatic gain 
control fixed to the level during track, and the 
simulated target is closed loop adjusted to provide 
the proper signal level. The resultant altitude mea- 
sured for the pseudo return is compared to the 

40 known test altitude and the altitude difference, if 
any. comprises an error which is stored in an 
altitude correction memory for later use in correct- 
ing the altitude measured by tracking the ground 
return. Because ail signal paths and associated 

45 circuitry signal-to-noise levels, and altitude depen- 
dent parameters, such as transmit pulse width, 
range gate width, duty cycle, and receiver gain 
used during the calibration phase are the same as 
those used during normal ground tracking opera- 

60 tion, very accurate altitude calibration results. In the 
same fashion, because the reference clock which 
controls the simulated or pseudo return delay is the 
same crystal controlled clock used to position the 
range gate on the ground return, it can be made 

55 accurate within a fraction of a foot. 

DESCRIPTION OF THE DRAWINGS 
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The foregoing features, obj cts and advantages 
of th invention will become apparent to those 
skilled In the art from the following detailed de- 
scription of a preferred embodiment, especially 
when considered In conjunction with the accom- 
panying drawings in which: 

Figure 1 Is a schematic block diagram of a radar 

altimeter incorp)orating the automatic calibration 

circuitry of the present Invention; 

Figure 2 is a signal diagram helpful in explaining 

the operation of the altimeter of Rgure 1 when 

operating in a normal ground tracking mode; 

and 

Rgure 3 is a signal waveform diagram helpful in 
explaining the operation of the system of Rgure 
1 when in its self-calibration mode. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Referring first to Figure 1. there is indicated 
generally by numeral 10 a radar altimeter incor- 
porating the automatic calibration circuitry of the 
present invention. It is seen to comprise a transmit 
code pulse generator 12. the function of which is to 
generate the transmit modulation code at a time 
coincident with the transmit timing pulse on line 14. 
The transmit timing pulse is generated by the 
transmit delay generator 16, which delay is con- 
trolled by a test altitude memory 56 as will later be 
described. In like manner, the receive code gener- 
ator 15 generates the receive demodulation code 
coincident with receive timing pulse generated by 
the range delay generator 20, which delay is con- 
trolled by the altitude tracker 32. Both the transmit 
delay from generator 16 and the range delay gen- 
erator 20 receive a marker pulse To as a reference 
and the delay value of the Transmit Signal Delay 
16 determines the time interval following applica- 
tion of the To command that the transmitter 22 is 
triggered to emit a pulse of electromagnetic en- 
ergy. In the normal tracking mode, the delay value 
is zero. 

Following a delay interval which is dependent 
upon the altitude of the aircraft, a radar return 
signal radiated from antenna 24 will be picked up 
by the receiving antenna 26 and applied as an 
input to a radar receiver 28. The output of the 
receiver is connected by a line 30 to a closed-loop 
servo tracker 32 which integrates the energy pic- 
ked up by the receiver, compares the integrated 
energy to a reference and sets the range delay 20, 
positioning the receive code to coincide with the 
leading edge of the coded input return signal to the 
receiver 28. 

Referring to Rgure 2. when the radar altimeter 
of the present invention is operating in its normal 
ground tracking mode, the transmit delay generator 



16 interposes zero delay between the time of oc- 
currence of the transmit command To and the 
delivery of the transmitter output pulse to the trans- 
mitting antenna 24. The transmit pulse is identified 
5 by numeral 34 in Rgure 2. Some time later, a 
ground return signal 36 is picked up by the re- 
ceiver and the tracker 32 controlling the Range 
Delay generator 20 shifts the range gate timewise 
so that it is positioned at the leading edge of the 

10 ground return signal 36. The aircraft altitude is then 
proportional to the time interval between tiie time 
To and the trailing edge of the range gate 38. 

Referring back to Figure 1. it can be seen that 
the output from the receiver 28 is also applied, via 

TS line 40. to a level control circuit 42 which, in its 
simplest form, comprises an automatic gain control 
loop which is operative to hold the amplitude of the 
input signal to the altitude tracker 32 relatively 
constant. It does so by controlling the transmitter 

20 22 output power level, via the transmit power con- 
trol input on line 100, and by controlling the gain of 
the receiver via the AGC input on line 41 . 

The altitude output from the tracker 32 is coup- 
led not only to the range gate delay generator 20, 

25 but to a fixed altitude correction circuit 46, the 
function of which is to compensate for fixed delay 
errors including delays attributable to the antenna 
cables and to the ground-to-antenna height with the 
ai. :;raft on the ground. 

30 Except for the transmit delay generator, the 

circuitry thus far described can be considered as 
somewhat typical of conventional, prior art radar 
altimeters. The circuitry shown enclosed by the 
dashed line box 48 in conjunction with the transmit 

35 delay generator is added to provide the automatic 
self-calibration capability. The circuitry shown with- 
in the broken line box 48 is represented by func- 
tional blocks, but those skilled in the art will under- 
stand that the functior)S can be implemented in a 

40 variety of ways including discrete logic or a pro- 
grammed microprocessor. Thus, limitation to only 
one such implementation is not intended. 

As can be seen in Figure 1 , the self-calibration 
circuitry 48 includes adder means 50 for algebra- 

45 ically summing the output from fixed altitude cor- 
rection circuit 46 with an altitude correction factor 
stored in automatic altitude correction RAM 
scratch-pad memory 52 to provide a correction for 
all possible altitudes on line 1 05. 

50 The self-calibration circuitry 48 also includes a 

test altitude memory 56 which functions to hold the 
present altitude just prior to initiating the auto- 
catibratton operation and throughout the duration of 
the short interruptive test sequence. The output 

55 from the test altitude memory 56 which is a digital 
test altitude number is applied over line 58 to the 
transmit signal delay generator 16 and over fine 60 
to a subtract circuit 62. The output from the sub- 
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tract circuit 62 is fed to the automatic altitude 
correction memory 52. 

The self-calibration circuitry 48 also includes 
an AGC memory 101. which holds the present 
AGC level just prior to initiating the auto-calibration 
operation and throughout the duration of the test. 
Thus, at the start of the test, memory 101 inter- 
rupts the normal closed loop AGC path through 
switch 102 and holds the AGC level on line 41 at 
the past stored level, it is a further feature that 
during the test, the transmit power control closed 
loop, consisting of level control block 42 and line 
100. is not interrupted. The result is that the gain of 
th receiver is held at the previous level exper- 
ienced in the normal track mode, and the closed 
loop level control of the transmit power (which 
becomes the simulated target) automatically sets 
the simulated return strength to precisely the level 
of the previous actual ground return. 

The self-calibration circuitry 48 also includes a 
calibration path indicated generally by numeral 63 
which includes an RF switch 1036, fixed attenuator 
64. and signal couplers Ci and C2 disposed be- 
tween the output of transmitter 22 and the input of 
the receiver 28. Included in series between the 
transmitter 22 and the sending antenna 24 is the 
RF switch 103A. When the system is operating in 
its normal ground tracking mode, the attenuator 64 
and switch 103B act as a very high impedance or 
an open circuit in the calibration path 63, and 
switch 103A acts as a very low impedance path 
connecting transmitter 22 directly to transmit an- 
tenna 24. When in its self-calibration mode, how- 
ever, the level control block 42. via line 106. sets 
switch 103B to a relatively low impedance value, 
and 103A to a high impedance value. 

OPERATION 

The self-calibration of the radar altimeter is a 
periodic, very short duration, interruptive test ini- 
tiated preferably by a programmed microprocessor. 
For example, the test might be run every five 
seconds, but itself lasts only a few milliseconds. 
The present tracked altitude appearing at the out- 
put of the fixed altitude correction 46 and the AGC 
level appearing at the level control 42 is stored 
while the test is being run. and the altimeter is 
returned to this stored altitude and AGC level, 
following completion of the test phase. The test 
itself consists of generating a simulated or pseudo 
radar return at a known altitude at the altitude at 
which the aircraft is flying. As will be explained in 
considerably more detail below, the simulated or 
pseudo target is tracked by the tracker 32 and the 
resultant altitude developed by the tracker is com- 
pared to the known test altitude. The difference, 
i.e., the error, is then stored in the altitude calibra- 



tion memory 52 where it is subsequently used to 
correct the output altitude during the ground track- 
ing phase when the aircraft is flying in that particu- 
lar altitude. 

5 When the system is first powered up with the 

aircraft on the ground, the altitude correction mem- 
ory 52 contains a correction of zero feet since no 
tests have yet been run. The altimeter, in its nor- 
mal track mode, is tracking the ground return with 

10 the AGC level determined by the level control loop. 
At Start of the test, the AGC voltage of the control 
loop is Stored in the AGC memory, the AGC loop is 
opened, and the stored AGC voltage is applied to 
the receiver 28. The zero altitude value from the 

15 fixed altitude correction circuits 46 is used as an 
address for the test altitude memory which outputs 
a delay value on line 58 corresponding to zero feet 
to adjust the delay from the transmit delay gener- 
ator 16 from the T© reference to correspond to that 

20 test altitude. Following the expiration of the delay 
interval in question, the transmitter 22 is triggered 
to emit a transmit pulse. Being in the test mode, 
the switch 103B will be in its low impedance con- 
dition allowing the transmitter output to be coupled 

25 to the input of the receiver 28. At the same time, 
the transmitter power level is reduced by the 
closed-loop level control block to a level resulting 
in the proper simulated signal level at the tracker, 
and RF switch 103A reduces the power applied to 

30 the transmit antenna 21 to a very low transmitted 
power level at the antenna and subsequent low 
ground return signal assuring no interference with 
the simulated signal. Thus, the simulated test re- 
turn pulse 59 (Figure 3) is effectively applied to the 

35 receiver simultaneously with the generation of the 
delayed transmit pulse 61. The receiver range gate 
28 along with the altitude tracker 32 and the range 
gate delay generator 20 operates in its normal 
fashion to align the range gate 63 with the leading 

40 edge of the simulated test return. As is clearly 
evident, the simulated signal applied to the receiver 
is exactly the same amplitude as the ground return 
just prior to the test since the receiver gain is the 
same, and the closed loop controlling the transmit 

45 power sets the tracker signal level to Its proper 
level. 

Unless the system is in perfect calibration, the 
altitude derived by the tracker 32 will differ from 
the test altitude value for the altitude range in- 

50 volved and by subtracting the two in circuit 62, a 
correction factor results at the output of the sub- 
tract circuit 62 which is then stored in the auto- 
matic altitude correction memory 52. After each 
periodic short duration test, the radar altimeter sys- 

55 tern returns to the mode in which it is tracking the 
ground return with the correction produced and 
stored in the altitude correction memory 52 being 
used to adjust the indicated altitude. 
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Summarizing, then, when self-calibration is Ini- 
tiated, automatically and periodically, every five 
seconds, for example, the present position of the 
range gate 28 is monitored and used to address 
the test altitude memory 56 and the present AQC s 
voltage value is monitored and stored in the AGC 
memory 101. A prestored test altitude correspond- 
ing to that address is read out from the test altitude 
memory 56 as a control value for the transmit 
signal delay generator 16. The transmit signal de- io 
lay generator 16 then delays the transmit pulse 
from time To by a time interval equal to the delay 
value read from the test altitude memory 56. At the 
same time, the prestored AGC level is read out 
from the AGC memory 101 and sets the gain of the ts 
receiver through switch 102. Also, at the same 
time, RF switch 103A is set to attenuate the signal 
applied to the transmitting antenna and switch 
103B Is set to a low impedance level, allowing the 
delayed transmit signal to be coupled directly, via 20 
calibration path 63, to the receiver 28. The tracker 
loop positions the range gate on the calibration 
signal while the level control loop 42 adjusts the 
transmit power to provide the appropriate signal 
level. The test altitude stored in test altitude mem- 25 
ory 56 is then subtracted at 62 from the tracked 
altitude signal appearing at the output of the fixed 
altitude correction circuit 46, producing an altitude 
error signal which gets stored in the altitude correc- 
tion memory 52 where it becomes available, via 30 
add circuit 50. to later modify the altitude indicated 
by tracking of the ground return to yield a cor- 
rected value. 

It is to be especially noted that except for the 
short length calibration path 63. all signal paths and 35 
associated circuitry used during calibration are the 
same as those used during normal ground tracking 
operation, thus resulting in very accurate altitude 
calibration. Moreover, the crystal controlled refer- 
ence clock (not shown) controlling the simulated 4o 
target delay 16 is the same reference clock which 
is used in conjunction with the range gate delay 
generator 20 to position the range gate on the 
leading edge of the ground return. Because the 
calibration path consists of a line length and at- 45 
tenuator diodes whose equivalent radar delay vari- 
ation with temperature is negligible, the self-calibra- 
tion feature results in a highly accurate altimeter. 
By using the same format, i.e.. the same transmit- 
ted pulse width and duty cycle during calibration as so 
is used during ground tracking and by maintaining 
the same signal level ratio, the calibration factor 
established can be reliably used to adjust the altim- 
eter readings as the altitude of the aircraft changes 
and as the temperature varies. 55 

Claims 



1. Aircraft radar altimeter for compensating for 
changes in operation conditions of the aircraft, 
comprising: 

(a) transmitting means (16.12.22) responsive 
to a trigger event (TO) for delivering a trans- 
mit pulse to a transmitting antenna (24); 

(b) receiver means (28) normally coupled to 
a receiving antenna (26) for receiving a 
ground return pulse delayed from said trig- 
gering event by a first time interval cor- 
responding to the distance between said 
aircraft and the earth; and 

(c> a closed loop tracking means (32.20,15) 
for alternatively aligning a range gate with 
said ground return; characterized by 

(d) a calibration path (63) operative to pe- 
riodically directly couple said transmitting 
means to said receiving means: 

(e) first memory means (56) for temporarily 
storing actual tracked altitude values, said 
memory means being addressed by an ad- 
dress value corresponding to said first time 
interval; 

(f) means (58) for operatively coupling said 
first memory means to said transmitting 
means (16,12,22) for generating a pseudo- 
ground return for said receiving means 
when said calibration path (63) directly cou- 
ples said transmitting means to said receiv- 
ing means, said pseudo-ground return being 
delayed from said trigger event by an inter- 
val corresponding to a discrete altitude read 
out from said first memory means (56), said 
tracking means (32.20.15) operating to align 
said range gate with said pseudo-ground 
return; 

(g) means (62) for subtracting a value cor- 
responding to the interval between said trig- 
ger event and said range gate aligned with 
said pseudo-ground return from said value 
corresponding to said altitude to develop a 
correction factor; 

(h) second memory means (52) for tem- 
porarily storing said correction factor; and 

(i) means (50) coupled to said second mem- 
ory means for modifying said first time in- 
terval by said correction factor. 

f . 

2. Altimeter according to Claim 1 . characterized 
by third memory means (101) for storing re- 
ceiver AGC voltage corresponding to the re- 
ceiver gain sampled during the first interval 
measurement. 

3. Altimeter according to Claim 1 , characterized 
In that the time period that said tracking 
means (32,20,15) is tracking said pseudo- 
ground return is substantially less than the 
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time period that said tracking means is track- 
ing said ground return pulse. 

4. Altimeter according to Claim 1 further char- 
acterized by level control means (42,101) 5 
connectable between said receiving means 

and said transmitting means for adjusting the 
transmit power of said transmitting means to 
maintain a desired signal level at said closed 
loop tracking means, said desired level cor- lo 
responding to one at which the amplitude of 
the signal measured during tracking of the 
pseudo-ground return is generally equal to the 
signal level con^esponding to an actual ground 
return pulse. . is 

5. Altimeter according to Claim 4. characterized 
in that said level control means (42,101) con- 
trols said pseudo-ground return level. 
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@ A radar altimeter (10) incorporates circuitry for 
automatically adjusting altitude readings for vari- 
ations caused by altitude and temperature changes. 
Normal target tracking (32.20.15) of the radar is 
intermittently interrupted and a calibration sequence 
is interjected. The current altitude and receiver AGC 
information at the time of each interruption is tern - 
porarily stored (56,101) and a test is initiated in 
which a pseudo radar return at that altitude is Intro - 
duced to the receiver (28). The receiver operates on 



the pseudo return as it would on an actual return. 
The transmit power is adjusted automatically for the 
correct signal level at the tracker. The resultant 
attitude measured for the pseudo return is compared 
to a known test altitude and any difference Is stored 
(52) away as a correction factor to be applied to the 
altitude reading which had been stored at the time 
that its operation had been interrupted to perform 
the calibration test. 
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